Introduction
The concept that focus and volume in healthcare delivery may be associated with superior outcome is not a novel one. Specialist hospital care, provided at high volume centres is now recommended for management of an increasing selection of diseases. [1] [2] [3] [4] It is the responsibility of senior healthcare managers and clinicians to engineer systems of healthcare delivery that produce measurable improvements in important patient outcomes, including hospital mortality. Few studies to date have examined the impact of structural reforms in the process of hospital care on survival in unselected medical patients. 5 This group has previously described the development and use of an acute medical admission unit (AMAU) as a means of providing efficient multidisciplinary care for medical patients requiring emergency hospital admission. [6] [7] [8] [9] [10] [11] This model has been associated with improvement in a number of key healthcare quality indicators, including cost utilization, length of hospital stay (LOS) and emergency department (ED) waiting times. [9] [10] [11] This report describes the impact of the AMAU on all-cause hospital mortality in unselected patients undergoing acute medical admission via the ED of a large teaching hospital over the 5-year period 2002-06.
Methods Background
St James's Hospital (SJH), although a tertiary referral centre for various specialties, operates a daily sectorized acute general medical 'take-in' serving as a secondary care centre for emergency medical admissions for its local Dublin catchment area. In 2002, prior to the introduction of the AMAU, emergencies in acute medicine were initially assessed by the staff of the ED and referred by them to the on-call medical team of the day. Any patient requiring emergency hospitalization, (excluding admission to the coronary care unit) was admitted to any available hospital bed, under the care of the 'on-call' consultant physician. Fourteen consultant physicians, (all dually accredited in Internal Medicine and a major subspecialty), of whom 10 were whole-time health service consultants and 4 held split service/academic appointments, were responsible for the management of these patients. The 'on-call' roster was a 1:9, operated by teams from respiratory medicine, gastroenterology, diabetes/endocrinology, clinical pharmacology, rheumatology and general internal medicine.
Establishment of the AMAU
In 2003 (from 17 March), two of the modern centrally located medical wards, with close proximity to the ED and diagnostic imaging department, were re-configured to function as an AMAU. A detailed operational plan for the unit was devised following extensive discussions with all interested parties in the year prior to its inception. Two general physicians agreed to act as Director and Deputy Directors of the unit, and advise a steering group of physician colleagues on policy matters. Emergencies in acute medicine were assessed as previously by the staff of the ED and referred by them to the 'on-call' team of the day. Any patient requiring hospitalization was admitted directly to the AMAU from the ED. The 59-bed AMAU capacity was such that, with an average of 15 admissions each day, up to 70% of all admissions would be predicted to receive their entire hospital care within the unit (maximum permitted stay in AMAU-5 days). Those patients requiring a longer stay were transferred from the AMAU to an appropriate specialty or general medical bed. The principal innovation introduced in this novel system was that all acutely ill medical patients were now admitted from the ED to a single location. Between 2003 and 2006, the on-call roster remained unaltered at 1:9, with each physician on-call for 24 h and a post-call ward round carried out each morning in the AMAU, with other fixed commitments cancelled to accommodate this. Radiology, endoscopy, laboratory services, physiotherapy, occupational therapy, speech and language therapy, clinical nutrition and social services prioritized appropriate requests from the AMAU. All patients identified as suitable for fast-track discharge had a provisional discharge date identified on the post-call ward round. Medical teams reviewed these patients early on the morning of discharge, so that discharge could be confirmed, and arrangements made to transfer the patient to the hospital's discharge lounge in order to vacate beds for patients awaiting admission in the ED. A discharge manager was appointed to help identify patients suitable for early discharge, and work with the multidisciplinary team to ensure timeliness of discharge.
Data collection
A patient database was created by linking the computerized patient administration system (PAS) to the hospital in-patient enquiry (HIPE) scheme. 12 HIPE is a national database of coded discharge summaries from acute public hospitals in Ireland. 13, 14 A total of 60 hospitals participate in the system and it is an invaluable source of hospital activity level and accreditation. 15 Ireland has used the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) 16, 17 for both diagnosis and procedure coding from 1990 to 2005, with updates every 5 years. Since 2005, ICD-10-CM has been used. Linking the HIPE dataset with the PAS dataset permits application of routinely collected data for the purposes of research, planning and quality control. Data collected includes hospital number, patient's name, dates of admission and discharge, date of birth, sex, area of residence by county, principal diagnosis, up to nine additional secondary diagnoses, procedures (principal and up to nine additional secondary procedures) and consultant responsible for care. Additional information uploaded to the database included physiological, haematological and biochemical datasets from the ED admission. The HIPE dataset of all coded diseases at time of discharge/death, together with procedures and investigations undertaken during the hospital stay was examined. Codes with <20 occurrences were not considered for analysis. Individual codes together with the combination of all related codes were evaluated. Acute illness severity was quantified using a modified version of the acute physiology and chronic health evaluation (APACHE) II score, calculated with risk scores allocated according to the published method. 18 All available APACHE II component variables were used to derive these modified scores (including all but arterial pO 2 
Statistical methods
Descriptive statistics were calculated for background demographic data, including means/standard deviations (SD), medians/interquartile ranges (IQR), or percentages. Comparisons between categorical variables and mortality were made using chisquare tests. Logistic regression analysis was used to examine the association between year, month, day and time of admission, and hospital mortality, adjusting for the major disease by category (MDC), Charlson co-morbidity index, 19 modified APACHE II score, number of admissions, acute or non-acute ward, age and gender. Odds ratios (OR) and 95% confidence intervals (CI) were calculated where appropriate. Statistical significance at P < 0.05 was assumed throughout. JMP statistical software (SAS Institute Inc.) was used for analysis.
Results

Patient characteristics
A total of 33 367 episodes were recorded among 19 528 patients admitted acutely via the ED in the 60 months observation period, between 1 January 2002 and 31 December 2006 ( Table 1 ). The patients included were all medical admissions admitted during the period. No distinction was made between medical admissions admitted to the AMAU, the intensive care unit (ICU)/high dependency unit (HDU), or a small number admitted to other wards for the purpose of analysis.
In the reference year prior to the establishment of the AMAU (2002), 3049 patients were admitted over 5476 episodes. The median (IQR) age was 62.4 (39.4, 77.1) years and 48.5% were male. a Analysis of mean ranks shows an increase over time; b Modified APACHE II scores were calculated using available components of the original scoring system (all but arterial pO 2 and pH), in all patients (67.8% of total group) with complete available data.
The proportion of patients with any co-morbidity (Charlson co-morbidity score > 0) was 39.7%. Of the total patient group, sufficient data to calculate modified APACHE II scores were available in 67.8%. The median (IQR) modified APACHE II score in the reference year in these patients was 6 (2, 8) . The median (IQR) number of admitted acute medical patients in the ED awaiting beds at 7:30 am was 14 (8, 19) .
Following establishment of the AMAU, there was an overall increase of 14.2% (5476-6254) in acute medical episodes and of 64.2% (3049-5006) in patients admitted between 2002 and 2006. Median (IQR) daily AMAU admission numbers increased from 14 (11, 17) in 2003 to 17 (14, 21) in 2006 (P < 0.0001, data not shown). Demographic characteristics were compared between years over the 5-year period. Age and sex of the patients did not differ significantly between years. The Charlson co-morbidity index increased significantly over the time period, as did the percentage of patients with any co-morbidity (P < 0.0001 for both). A modest, though highly statistically significant increase in acute illness severity was also observed over time, with the median (IQR) modified APACHE score increasing to 7 (4, 10) by 2006 (P < 0.0001). The MDC mix appeared constant over time for the categories reported (Table 2) . Delays in the ED decreased significantly; the median (IQR) daily number awaiting beds in 2006 at 7:30 am was 2 (0, 13).
Mortality
Of the total patient group, 1947 deaths occurred during the 5-year observation period. These comprised all deaths occurring at any time during a hospital episode, under the care of any medical admitting team. Following the introduction of the AMAU, all-cause hospital mortality fell significantly during 2003-06 ( Figure 1A and B) . The annual mortality rate in acute medical patients decreased Figure 1A) , representing a 44.4% relative reduction during the course of the study (P < 0.0001). As the AMAU system was felt unlikely to directly influence mortality in patients whose hospital stay was prolonged, 30-day mortality was also examined in an effort to control for varying numbers of long-stay patients occupying acute hospital beds ( Figure 1B) . A similar, highly statistically significant decrease in mortality over time was observed, largely beginning in 2004. Falling mortality was also observed consistently after 2002 across the majority of individual MDC's, containing some 90% of the total patient group (Table 2) . While large relative decreases in the small mortality rates occurring in the endocrine and musculoskeletal MDCs were observed, these changes did not reach statistical significance. Mortality did not change during the study in patients classified in the infectious/parasitic disease category. The median patient age in this subgroup (43.4 years) was substantially lower than in any other MDC and 87.8% of patients had specific diagnoses of septicaemia or sepsis syndrome (data not shown). Adjusted ORs for factors independently associated with risk of death during the study are presented in Table 3 Logistic regression was performed to examine other factors associated with hospital mortality. These results are also presented in Table 3 . Significant independent predictors of death included advanced age (P < 0.0001), male gender [OR (95% CI) 1.25 (1.12-1.38)], MDC (P < 0.0001), month of admission (January and August associated with highest and lowest mortality, respectively, P = 0.0006), time of day admitted: 4 pm-midnight vs. midnight-8 am OR (95% CI) 1.28 (1.12-1.48), acute vs. non-acute ward [OR (95% CI) 1.83 (1.65-2.03)] and Charlson co-morbidity index (P < 0.0001). Two recorded admissions did not predict an adverse outcome, but three or more was significantly associated with increased mortality, with an OR (95% CI) of 1.84 (1.52-2.23) compared with one admission only. Of note, factors such as day of the week admitted, numbers of patients in the ED awaiting beds at 7 am, and numbers of patients admitted during a 24 h on-call period did not significantly influence mortality in this analysis (data not shown). Modified APACHE II score was also evaluated as a predictor of mortality. As expected, the APACHE II score was strongly associated with annual mortality in univariate analysis (Figure 2) , and when included in multiple regression analysis employing the same design as presented in Table 3 , independently predicted death with an adjusted OR (95% CI) of 1.13 (1.11, 1.15) (data not shown). Importantly, even controlling for these expected predictors of adverse outcome, mortality remained independently and strongly associated with the structural changes introduced over the period 2003-06 (P < 0.0001).
Discussion
In this article, describing the outcome for 19 528 unselected acute medical patients admitted via the ED of a busy teaching hospital, the development of a dedicated AMAU was associated with 45 and 36% relative reductions in all-cause annual and 30-day hospital mortality, respectively, despite significant increases in workload, co-morbidity and acute illness severity over time. This effect was powerfully independent of other covariates in binary logistic regression analysis and was observed across a wide cross-section of diagnostic groups. Additional independent predictors of mortality included male sex, advanced age, month of admission, admission between 4 pm and midnight, MDC, high Charlson co-morbidity index, modified APACHE II score and >2 previous admissions. Finally, the establishment of an AMAU was associated with significantly reduced delays in transfer of patients from the ED to medical wards and lengths of hospital stay.
Our description of structural reform in acute medicine is observational, uncontrolled and therefore suffers unknown bias. It can never have the rigour of a randomized trial. Our intent however, based on this experience, is to challenge current assumptions that the mode of care delivery in acute medicine is not an important issue. This is the first prospective study to demonstrate substantial and statistically significant improvement in all-cause hospital mortality associated with the use of such a process. The effect size was very large. The numbers to treat (NNT) using the novel system to save one life comparing 2002 and 2006 was 18.0.
The unit permits provision of care at a single convenient location within the hospital during the critical hours immediately following acute admission. The admission ward, a focal point of acute activity, has encouraged increased availability and Higher odds ratios indicate a greater likelihood of death; CI: confidence interval. Ã Reference for ORs = musculoskeletal system. responsiveness of senior decision makers. As a result, care can be delivered in a manner that is both expert and efficient in terms of doctors' and health professionals' time and energy. Unproductive periods spent travelling within the hospital campus are minimized. In a recent study evaluating work practice reform in over 550 American teaching hospitals, the introduction of improved work hours for medical staff was associated with improved hospital mortality in medical patients, strongly suggesting that fatigue in hospital staff adversely effects patient care. 20 In this model, the AMAU is an acute medical facility where <70% of patients will spend all of their hospital admission. This is possible because of the relationship between the median daily 'take' of 17 and the total bed number of 59. The nursing staff and allied health professionals who are part of the AMAU are exclusively engaged in the care of acutely ill medical patients. The AMAU is not, unlike other models, a way station to facilitate specialty triage 5 -in this respect, the term 'admission' might best be omitted from its title. This system is not based on the assumption that the majority of patients can or should be triaged to an appropriate specialty; rather it presumes most patients, with ageing, will have multiple co-morbidities. The patients are admitted under a rotating Consultant Physician of the day-an experienced specialist, who in addition to a major medical subspecialty, is dually certified in General (Internal) Medicine. The patients, by and large, remain under the care of the admitting consultant and this receiving physician is advised by the different specialties; the challenge for the consultant and the team is to apply and integrate the advice. It can be argued that constant feedback from colleagues maintains essential skills. In this model continuity of care has to date been maintained. In Ireland there has been little dispensation to the European Working time directive and consequently shift work patterns have been unusual. Ward rounds can anticipate the presence of all team members on most occasions; all essential knowledge relevant to clinical decisions should therefore be available.
The AMAU provides focused systems of acute medical care for large volumes of patients. In the present study, it is hypothesized that the mortality improvements observed between 2002 and 2006 occurred as a consequence of the systematic structural reforms that were introduced during the period. In one previous study evaluating the early distribution of acute medical patients to appropriate specialist care, with interim care provided in an acute medicine unit established in 1999, some of the mortality benefit that followed the unit's introduction simply reflected a pre-existing underlying downward mortality trend. 5 Since mortality data in acute medical admissions were not systematically recorded for years prior to 2002 in the present study, a trend of this kind cannot be definitively discounted as a confounder. However, It appeared to us that a major change in outcome did not commence for at least 1 year from the AMAU's inception: 30-day all-cause mortality began to decrease only in 2004, a year after the novel system had been established. The increase over time in the Apache II score observed in the present analysis would also be inconsistent with such an hypothesis. Moreover, the concept that increased specialization and volume produces improved healthcare outcomes has been applied and validated in numerous other clinical settings. For example, care in dedicated specialist units has been consistently associated with improved morbidity, mortality and LOS in patients suffering from stroke. 4, 21 Individual studies and meta-analyses in broader areas such as cancer care, 1 acute coronary intervention, 2 and in many surgical sub-specialties 3 have also demonstrated that highly specialized units or individuals dealing with large numbers of similar patients tend to produce superior results across a range of outcomes, including mortality. Taken together, these observations suggest that focus and volume produce superior outcomes in a generic way that is largely independent of disease settings. Consistent with this concept, mortality improvements were observed across a wide range of diagnostic categories in this analysis. A number of specialty-specific developments took place in the hospital between 2002 and 2006, such as the development of non-invasive ventilation (NIV) services, that would be expected to influence mortality in specific diagnostic groups. 22, 23 The broad mortality benefit attributable to year of admission however, was independent of MDC in regression analysis. Notably, no improvement in mortality was seen in patients classified in the 'infectious/parasitic' MDC. This small group, comprising some 2-4% of patients, consisted almost entirely of patients with a diagnosis of either septicaemia or sepsis syndrome, and appears to represent a particularly ill cohort of patients, with high predicted mortality irrespective of intervention. 24 A number of additional independent mortality predictors were identified during the period of observation. Age has predicted mortality in previous studies evaluating emergency medical admissions 25 and in the ICU setting. 26 Gender also predicted death in the present study, with a male to female mortality OR of 1.25. Life expectancies are lower in males than females in most developed countries. 27 The influence of gender on hospital mortality, however, varies considerably between previous studies. [28] [29] [30] The effect of month of admission on death rates likely reflects more severe disease occurring in winter months, as the highest and lowest mortality were observed in January and August, respectively. It has been hypothesized that the arrival of new and inexperienced medical staff in acute hospitals in July may produce adverse outcomes. 31, 32 Our observations in contrast suggest that any 'July effect' in acute medical patients relates an improved outcome to seasonality. A further novel aspect of the article concerns the association between time of admission and hospital mortality. Admission between 4 pm and midnight was associated with significantly increased mortality. While 'out of hours' admission has previously been linked to increased LOS in emergency medical care, 33 our data highlight nighttime admission as an independent determinant of increased mortality. This may be due to differences either in the severity/type of illness in patents presenting to the ED during the night period or in access to emergency diagnostic and therapeutic systems. 34 As expected, patients with higher levels of co-morbid disease, higher APACHE II scores, and those requiring frequent admission experienced higher mortality rates. The prognostic value of the Charlson index and APACHE II scores have been established, 18, 19 and repeated hospitalization has been adversely associated with survival in previous studies involving medical patients. 35, 36 Frequent re-admission was associated with increased LOS in unselected medical patients in a previous study conducted at this centre. 7 This group has now demonstrated over several studies that the introduction of an AMAU as a focused system for managing acute medical patients in a large teaching hospital has been associated with dramatic improvements in numerous healthcare quality indicators, now including all-cause hospital mortality. 9, 10 While the present data are observational and lack the rigour of a randomized controlled trial, the design of the study was deliberately hypothesis-generating and not as a means to definitive proof-of-concept. The magnitude of the observed effects challenge current assumptions that the process of care for acute medical emergencies is not an important issue. Our observations support the hypothesis that the observed improvements in mortality and other relevant outcomes are attributable to the structured care processes introduced with the advent of the AMAU. Prospective studies validating similar models elsewhere should be explored.
